To determine global mRNA expression levels in corneal and conjunctival epithelia and identify transcripts that exhibit preferential tissue expression. METHODS. cDNA samples derived from human conjunctival and corneal epithelia were hybridized in three independent experiments to a commercial oligonucleotide array representing more than 22,000 transcripts. The resultant signal intensities and microarray software transcript present/absent calls were used in conjunction with the local pooled error (LPE) statistical method to identify transcripts that are preferentially or exclusively expressed in one of the two tissues at significant levels (expression Ͼ1% of the ␤-actin level). EASE (Expression Analysis Systematic Explorer software) was used to identify biological systems comparatively overrepresented in either epithelium. Immuno-, and cytohistochemistry was performed to validate or expand on selected results of interest. RESULTS. The analysis identified 332 preferential and 93 exclusive significant corneal epithelial transcripts. The corresponding numbers of conjunctival epithelium transcripts were 592 and 211, respectively. The overrepresented biological processes in the cornea were related to cell adhesion and oxiredox equilibria and cytoprotection activities. In the conjunctiva, the biological processes that were most prominent were related to innate immunity and melanogenesis. Immunohistochemistry for antigen-presenting cells and melanocytes was consistent with these gene signatures. The transcript comparison identified a substantial number of genes that have either not been identified previously or are not known to be highly expressed in these two epithelia, including testican-1, ECM1, formin, CRTAC1, and NQO1 in the cornea and, in the conjunctiva, sPLA 2 -IIA, lipocalin 2, IGFBP3, multiple MCH class II proteins, and the Na-Pi cotransporter type IIb. CONCLUSIONS. Comparative gene expression profiling leads to the identification of many biological processes and previously unknown genes that are potentially active in the function of corneal and conjunctival epithelia. (Invest Ophthalmol Vis Sci. 
D
uring the past decade, high throughput, high-density DNA microarrays have emerged as an efficient, powerful tool for providing useful information in the analysis of the global gene expression patterns in various tissues or biological systems. [1] [2] [3] At the ocular surface, such studies have been performed in the corneal epithelium in the context of disease (e.g., diabetes) or growth conditions. 4, 5 The corneal (Co) and conjunctival (Cnj) epithelia are the main cellular components of the ocular surface.
These two distinct lineages derive from a small cohort of head ectodermal cells that become PAX6 positive at a relatively early developmental stage, before optical vesicle formation and organogenesis. 6 -8 Both ocular surface epithelia are stratified and nonkeratinizing and display a wet phenotype that comprises multiple secretory and absorptive features related to the phenotypes of simple epithelia. They functionally combine to establish the protective and light refractory properties of the ocular surface. Unlike the keratinizing epidermis, these epithelia constitutively express PAX-6 throughout life. Given the common developmental origin and a degree of structural similarity between corneal and conjunctival epithelia, it appears logical that identification of genes that are uniquely or preferentially expressed in either of these two lineages will provide clues to the mechanisms that specifically underlie each phenotype and distinguish one from the other.
Accordingly, in this study, we used a large oligonucleotide array system, representing more than half of the known human genes, to compare the molecular signatures of these two tissues. Approximately one half of the genes represented in the array are expressed in either the corneal or conjunctival systems. Ninety percent of the transcripts present in one of the systems are also present in the other at a comparable level of expression. The remaining 10% represent genes that are present in only one of the tissues or are expressed at substantially higher levels in one epithelium over the other.
MATERIALS AND METHODS

Tissue Procurement and Processing
Whole human conjunctivae and human corneas were obtained from the National Disease Research Interchange (NDRI, Philadelphia, PA) and processed between 48 and 72 hours of death. No donor details apart from age, sex, and cause of death were released. The criteria for tissue acceptance and inclusion were donor ages between 25 and 65 years (irrespective of sex) and overt physical integrity of the epithelium over the central cornea, as revealed by trypan blue stain. Conjunctivae and whole corneas that excluded an outer strip of limbus (to ensure that the sample contains no cells derived from the adjacent conjunctiva) were quartered and incubated overnight at 4°C in conical tubes containing 5 mL of 0.5% Dispase dissolved in 1:1 Dulbecco's modified minimal essential medium-Ham F-12 mix with slow (ϳ20 cycles/min) end-to-end rocking. This treatment results in the spontaneous separation of intact epithelial sheets from the underlying stroma. The use of human tissue in the study was in accordance with the
RNA Preparation and Analysis
Epithelial sheets were manually transferred from the Dispase solution directly into lysis buffer, and total RNA was isolated (RNeasy Minikit; Qiagen Inc., Valencia, CA) and was further purified (RNeasy spin columns; Qiagen). The quantity and purity of each RNA sample was determined from the 260-and 280-nm absorbance, and its integrity was determined (2100 BioAnalyzer; Agilent Technologies Inc., Palo Alto, CA). Pooled RNA from two different corneal or conjunctival specimens (each one pair) was used for each replicate experiment. For both cornea and conjunctival tissues, there were one female and five male donors. This distribution merely resulted from the availability of donor tissue, as apportioned by the NDRI.
The pooled RNA was converted into cDNA with reverse transcriptase (SuperScript Choice; Invitrogen-Gibco, Bethesda, MD) and a modified oligodT primer (Affymetrix, Santa Clara, CA). The purified cDNA was subjected to in vitro transcription to generate biotin-labeled cRNA (ENZO BioArray HighYield Kit; Affymetrix).
Microarray Hybridization and Data Processing
Appropriately fragmented biotin-labeled cRNA was hybridized to an oligonucleotide microarray (HG-U133A GeneChips; Affymetrix), according to the manufacture's protocol. Three separate experiments, each including one conjunctival and one corneal cRNA pool were performed. The HG-U133A array contains ϳ16, 000 unique GenBank accession numbers arranged in 22,283 probe sets (http://www.ncbi. nlm.nih.gov/Genbank; provided in the public domain by the National Center for Biotechnology Information, Bethesda, MD). Hybridized microarrays were stained with a streptavidin-phycoerythrin reagent, and fluorescence images were captured with a laser scanner (G2500A; Agilent).
Expression data were extracted from the fluorescence images (Microarray Analysis Suite, ver. 5.0 [MAS 5.0]; Affymetrix) to determine (1) the likelihood that the signal test result is significantly greater than the background signal, to determine whether the target transcript is present (P) or absent (A); and (2) a normalized signal intensity (SI) for each transcript. The data discussed in this publication have been deposited in the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/ provided in the public domain by the NCBI, Bethesda, MD) and are accessible through GEO Series accession number GSE5543. Annotation data were obtained from the Affymetrix Web site and by manual retrieval of selected transcripts from GenBank. Signal intensity values for all six individual data sets were subjected to unsupervised hierarchical clustering tests (conditional tree analysis) to assess the extent of global similarities and differences among the conjunctival and corneal replicates (GeneSpring; Silicon Genetics, Redwood City, CA).
To identify differentially expressed transcripts, the MAS 5.0-generated signal intensity triplicate data, without regard to present or absent status, was subjected to the local pooled error (LPE) statistical test, implemented in the R statistical programming language. 9 Transcripts included within the 1% false discovery rate level of the LPE test were considered to have a significantly different expression level between the two tissues. The MAS 5.0 signal intensity and P or A calls for all these transcripts were then transferred into a spreadsheet program (Excel; Microsoft, Redmond, WA) for further analysis. A transcript was considered present when it received a P call in at least two of the replicates and significant (S) when the mean SI for all three replicates exceeded 1% of the mean SI for the three ␤-actin transcripts represented in the microarray. The results were used to build conjunctival PS transcript (CnjPS) and corneal PS transcript (CoPS) spreadsheets. The CnjPS was then used to generate CnjPS/CoA, a transcript list containing all conjunctival PS transcripts that were completely absent from the cornea (designated A call in all three experiments) and CnjPSϾ1.5ϫCoP, a transcript list comprising all conjunctival PS transcripts not included in CnjPS/CoA for which the mean SI is at least 1.5 times as large as the respective corneal value. In an analogous manner, CoPS was used to build cornea-exclusive (CoPS/CnjA) and corneapreferred (CoPSϾ1.5ϫCnjP) transcript lists. In the subsequent text, we alternatively refer to the sequences included in these lists as conjunctiva (or cornea-)-exclusive and conjunctiva (or cornea-)-preferred transcripts, respectively.
Analysis of Differential Gene Expression
Differentially expressed conjunctival and corneal transcripts were imported into the Expression Analysis Systematic Explorer software (EASE 10 ; http://david.niaid.nih.gov/david/ease/htm/ provided in the public domain by the National Institute of Allergy and Infectious Diseases [NIAID]), to examine functional gene clusters of the differentially expressed genes and/or to identify biological and molecular processes that are overrepresented in both tissues. EASE analysis with Bonferroni multiplicity correction probes each gene list against the corresponding population lists, and an EASE score is calculated for the likelihood of overrepresentation in the Gene Ontology Consortium annotation categories (GO biological process, GO cell component and GO molecular function; for sources of annotation, statistical methods, and EASE documentation, see the NIAID Web site).
Real-Time RT-PCR
Independent validation of relative expression levels by real-time PCR was performed with primer sets for all the connexin genes represented in the microarray. The RNA was obtained from epithelia mechanically scrapped from the corneal surface rather than from the Dispase release epithelial sheets and was treated with DNAase I (Qiagen) before its release from the purification columns (RNeasy Minikit; Qiagen), to eliminate possible contaminating genomic DNA, and was transcribed into cDNA (Omniscript reverse transcriptase; Qiagen). PCR reactions were performed with a SYBR green nucleic acid staining kit (Quantitect; Qiagen) in 384-well plates in a sequence-detection system (Prism 7900HT; Applied Biosystems [ABI], Foster City CA). For each primer pair, we used nine wells; three contained test cDNA, three contained a control sample in which the reverse transcriptase was omitted from the transcription reaction, and three contained human genomic DNA (Biochain, Hayward, CA). Products were analyzed by agarose (4%) gel chromatography. Relative amounts of the target genes in the corneal and conjunctival epithelia were then determined from the cycle thresholds according to the delta of delta C t method using the average of the triplicate results. The following primer sets (forward/reverse) were used: Cx31, ccaacgtctgctacgacaactact/cacaggcctccgtgcttcttctt; Cx31.1, cccgacaccatgtgaagaaaa/tctcttgcctgcccctacct; Cx32, ggccgctccaatccacctt/gcggcgcagtatgtctttcag; Cx36, tcaaggaggtggaatgttatgtgt/tggcaggtccttgttacgaatct; Cx37, gagcactgatgggcacctatg/gctcgctggcacacaaaca; Cx40, gcctcccaacaaaacacagacaa/cataacgaacctggatgaaacctt; Cx43, cttttgatttccccgatgataacc/ggtgcactttctacagcaccttttt; Cx50, gaacccgaggtgggagagaa/ ggcagcccttgctttgaca; Cx59, ttggggaaaatacaagttgaagaag/ataatcaggggcagaagggagtc.
Cytohistochemistry
Freshly frozen human conjunctival (comprising predominantly of palpebral/forniceal conjunctival regions) and corneal cryosections (6 -8 m thick) were prepared for immunocytochemistry as previously described. [11] [12] [13] [14] [15] After fixation with ice-cold methanol at Ϫ20°C for 10 minutes, the tissue sections were incubated for 2 hours (RT) with monoclonal mouse antibodies against the following antigens: human secretory PLA 2 type II (sPLA 2 -IIA; 1:100 dilution; Upstate Biotechnology, Lake Placid, NY), tyrosine-related protein-1 (TYRP-1; clone Ta99; 1:200 dilution; GeneTex, Inc., San Antonio, TX), and HLA class II (DP, DQ, DR; 1:200; Serotec, Raleigh, NC). Bound antibodies were stained by a 1-hour incubation with 1:500 diluted Alexa Fluor 488 -conjugated goat anti-mouse IgG (Invitrogen-Molecular Probes Inc., Eugene, OR). The slides were rinsed three times with phosphate-buffered saline (PBS) and covered with antifade medium (Vectashield; Vector Laboratories, Burlingame, CA). Fluorescence was visualized on a fluorescence microscope (Axiophot2; Carl Zeiss Meditec, Inc., Thornwood, NY).
To identify melanocytes, we subjected the paraffin-embedded sections to Fontana-Masson silver stain (American Master Tech Sci., Lodi, CA). Briefly, the sections were incubated for 45 minutes at 60°C in ammoniacal silver solution, for 2 minutes in 5% sodium thiosulfate and for 5 minutes in nuclear fast red stain. To examine dihydronicotinamide adenine dinucleotide phosphate (NADPH) reductase activity, 16 -17 cryosections were incubated for 2 to 4 hours at 37°C in 0.1 M phosphate buffer (pH 7.4) containing 2.5 mM NADPH (Sigma-Aldrich, St. Louis, MO), 0.4 mM nitroblue tetrazolium (Sigma-Aldrich), and 10% dimethylsulfoxide. For control sections, NADPH was omitted from the incubation solution. The sections were rinsed in PBS, mounted in antifade medium (Vectashield; Vector Laboratories), and examined by light microscopy.
RESULTS
RNA Quality
All RNA samples showed 260/280 nm absorption ratios in excess of 2.0. The RNA yields per single cornea and conjunctiva were approximately 6 and 20 g, respectively. Based on cell counts independently obtained by trypsinization of epithelial sheets, these yields correspond to 4 to 6 pg RNA/cell, the typical RNA content of epithelial cells. Profiles (determined by Biochip; Agilent) were very similar in both tissues (Fig. 1) . These profiles displayed a flat baseline, no significant tailing of the ribosomal RNA bands, and S18/S23 ratios of 1.5 to 1.8. RNA samples prepared from tissue that was released by scraping, instead of overnight Dispase incubation, showed poorer profiles (not shown), probably because of the presence of apoptotic or preapoptotic exfoliating surface cells, which are washed away during the Dispase incubation.
Microarray Analysis
Several empiric tests were used to evaluate the soundness of the raw data extracted (MAS 5.0; Affymetrix). The number of transcripts recognized by the software program as present in all three independent experiments was 9237 and 8905 for the conjunctiva and corneal epithelia, respectively. In addition, 1727 and 1633 further transcripts were identified in two of the experiments. Together, these transcripts account for approximately 50% (Cnj) and 48% (Co) of the total represented in the microarray. The number of P calls in each experiment and the median and average SIs (Table 1) or the distribution of twice present (PP) transcripts within the three experiments suggest no significant tissue bias in either of the replicates (not shown).
The microarray (HG-U133A; Affymetrix) contains three distinct probes for ␤-actin representing distinct sections of the gene. The similarity in average SIs for the spots representing the sequence segment closer to the polyA tail (bp 1201-1738) and the segment close to the starting codon (bp 50 -584), demonstrates that there was outstanding preservation of message length in the course of RNA isolation and generation of cRNA probes in experiments 1 and 2. There was some degradation, albeit of a similar degree in both tissues, in experiment 3 ( Table 2 ). Because the probes for essentially all the transcripts in the Affymetrix microarray have been intentionally developed from the 3Ј of the sequence, this degree of degradation is likely to have a minimal effect on our results. Similar results were obtained for the three GAPDH sequences present in the array (not shown). In addition, the similarity in the average SIs for conjunctival and corneal epithelia for this control gene indicates well-normalized SIs across the three experiments. Finally, conditional tree analyses of the whole transcript set or of the subsets of transcripts preferentially expressed in the Cnj and Co epithelia ( Fig. 2 ) appropriately clustered the three conjunctival and corneal samples into two separate groups. 
Identification of Differentially Expressed Genes
The differential analysis described in the Methods section resulted in the identification of a large number of genes that were uniquely or preferentially expressed in both epithelia. Since genes expressed at very low levels may not yield measurable levels of actual protein, we decided to limit the analysis to transcripts with expression higher than 1% of the highly expressed ␤-actin gene. The methodology outlined in the Methods section led to the establishment of conjunctiva-and cornea-exclusive gene lists containing 93 and 339 transcripts, respectively, as well as 211 and 589 transcripts in the respective preferred gene lists. Genes included in the exclusive transcript sets were categorized according to relative SIs. For the preferred lists, to take into account both the level of expression and expression ratios as factors that would affect the phenotypic distinction between both tissues, we chose to use the product of the SI by the SI ratio (SIϫR) as an index of significance. The 25 genes with the highest SIs and SIϫRs, along with gene annotations are displayed in Tables 3 and 4 , respectively. Note, that for many genes, the microarray chip (HG-U133A; Affymetrix) included two and even three transcript representations. In those instances in which a gene was represented in the array by more than one transcript set, only the transcript with the highest SI is displayed in Tables 3 and 4 (tissue ratios for these lower-SI transcripts were highly similar to those for the transcripts included in the tables). The top components of these lists include genes with high expression levels that have already been demonstrated, genes that are novel in these tissues, and genes of yet to be identified function. The full lists of the four exclusively or differentially expressed transcript sets have been included in the Appendix, online at http://www.iovs.org/cgi/content/full/48/5/2050/DC1. Updated functional GO annotations for each gene can be found at http://www.affymetrix.com/analysis/index.affx.
Pathway Identification by EASE/Gene Ontology Analyses
Exclusive and preferentially expressed conjunctival and corneal transcripts were amalgamated into conjunctival and corneal selective transcript lists containing 803 and 432 transcripts, respectively.
Affymetrix gene identifiers for both sets were imported into EASE software, to identify gene ontologies that are overexpressed in either tissue. This comparative analysis yielded several biological processes that were overrepresented in the corneal epithelium, albeit with only moderate to low significance scores (Table 5 ). The only noticeable group included activities related to cellular handling of heavy metals. In contrast, EASE analysis of selective conjunctival genes led to the identification of a large number of processes associated with very high levels of significance (EASE scores up to 10 Ϫ28 and 10 Ϫ24 , when subjected to Bonferroni adjustment). When the conjunctival statistically significant biological processes were organized into a GO ontology classification tree (http://www. geneontology.org), nearly all of the significantly overrepresented categories in the conjunctival epithelium coalesced within a narrow set of the physiological processes (Fig. 3 ) that includes two subcategories: genes related to responses to stimulus (stress, biotic, and external stimulus) and organismal physiological processes associated with immune mechanisms (humoral immune responses, including complement activation, antigen presentation, and processing). This level of statistical significance is probably attributable to the presence of a large number of HLA class II antigen mRNA within the conjunctival epithelium (Table 6 ; when more than one transcript is represented, only the highest SI representation has been included for each gene). Within the conjunctival epithelial layer, another category showing statistically significant overexpression related to melanin biosynthesis (Table 5) .
Validation of Microarray Expression Levels
To validate the intensities obtained by the microarray study by real-time PCR, we chose a set of connexin transcripts represented in the microarray. The results for genomic DNA confirmed the similar effectiveness of all these primers against their respective targets (Table 7) . Gel chromatography con- 
Histochemistry
The presence and localization of some of the most prominent conjunctiva-specific genes identified by the corneal-conjunctival comparison were examined by indirect immunofluorescence. Secretory PLA 2 -IIA, the top gene in the Cnj epitheliaexclusive set was detectable at the protein level in conjunctival goblet cells and other superficial epithelial cells (Figs. 4A, 4B ). Labeling occurred principally in granules accumulated in proximity to the plasma membrane that seem to be mobilized and excreted in Goblet cells undergoing active degranulation. Cells expressing overly intense stain for HLA-class II antigen-presenting proteins (DR, DP, DQ) were intercalated throughout the suprabasal conjunctival epithelial cells (Fig.  4C) . Neither of these proteins was expressed in the corneal epithelium (Figs. 4A, 4C, insets) . Immunostaining for TYRP1 and the Fontana-Masson silver stain (Fig. 5) showed the abundant presence of melanocytes in the basal cell layer of the conjunctival epithelium. No staining was noted in the cornea (not shown).
Conversely, consistent with the existence of a highly expressed dehydrogenase reductase within the corneal preferred cohort (Table 4A) , an enzymatic assay for NADH/NADPH reductase (diaphorase) activity revealed high reductase activity in the basal cells of the corneal epithelium (Fig. 6A) , whereas activity throughout the conjunctival epithelium was minimal to nil (Fig. 6B ).
DISCUSSION
We have performed a microarray-based comparative global gene expression profiling (Affymetrix) of the two linings covering the ocular surface, the corneal and conjunctival epithelia. Given the embryologic and functionally related nature of these epithelial linings, the identification of genes and biological pathways that are specifically or preferentially expressed in either of these two tissues could selectively contribute to tissue phenotype and/or function. The use of SIs and PS/A calls (definitions for present and absent transcripts described in the Methods section), the LPE statistical approach, and a limitation of the analysis to substantially expressed transcripts led to the identification of 425 and 803 transcripts that were significantly overexpressed in the cornea and conjunctiva, respectively. The most prominent global feature of the microarray data is the large excess of differentially expressed transcripts in the conjunctival set versus its corneal counterpart, and the high significance of EASE scores for multiple subcategories within the response to stimulus and organismal physiological processes (Fig. 3) . This result probably reflects the multiphenotypic nature of the conjunctival epithelium.
Blood-derived intraepithelial antigen-presenting cells are numerous in this tissue (Fig. 4) and lymphocytes account for between 1% and 3% of the epithelial mass. 18, 19 Consistent with this preponderance of intraepithelial leukocytes, the differential analysis identified multiple blood cell-exclusive cell markers (Tables 3B, 4B ). Of the 29 MHC class II transcripts represented in the HG-U133A microarray, 20 were present in the differential conjunctival sets. Table 6 displays the genes represented by these transcripts. Notably, the expression levels for some of the MHC transcripts match the expression levels of housekeeping genes such as ␤-actin and GAPDH. MHC class II genes are expressed only in cells from the hematopoietic lineage. Thus, the results imply that the intraepithelial cells in conjunctiva express class II genes at extraordinary levels. The very intense level of the immunostaining for HLA class II for DP, DQ, and/or DR subtypes (Fig. 4) is fully consistent with this conclusion. The presence of lymphocytes is reflected by the prominent location of the lymphocyte-specific protein 1 (LSP1) within the exclusive Cnj gene list (Table 3A) . Likewise, the high concentration of melanocytes within the Cnj epithelial basal layer (Fig. 5) is reflected in the substantial representation of TYRP-1 and -2 (Tables 3, 4) .
In contrast to conjunctival gene expression, the homogeneous cellular nature of the corneal epithelium generated minimal uncertainty as to the epithelial cell origin of transcripts that showed preferential expression in this tissue. EASE analysis indicated that the preferential expression of transcripts related to genes involved in the control of oxidative damage and heavy metal detoxification were the only biological processes that are more prominent in the corneal than in the conjunctival epithelia at a statistically significant level. The high levels of cornea-preferred genes of two well-known corneal proteins, aldolase dehydrogenase type 3AI and transketolase, 20, 21 and of an NADH/NADPH reductase (diaphorase), known under the aliases of NQO1, 22 diaphorase 4, cytochrome b5 reductase, and dioxin-inducible menadione oxidoreductase, Higher magnification of the asterisk-marked area reveals that the sPLA2-IIA protein was distributed in both Goblet and non-Goblet cells in vesicular granules structures within or in proximity to the plasma membrane. In surface goblet cells undergoing degranulation, numerous vesicle profiles were observed migrating toward the cell secretory pit, whereas vesicular density at the membrane wall appeared markedly reduced. Cells containing very high levels of HLA-II antigen distributed between the Cnj epithelial stratum (C). (A, C, insets) Results for the cornea. are likely to be the main contributors to the statistical significance of this EASE score (Tables 4A, 8 ). NQO1 has not been shown to be prominent in the cornea. Its function is to catalyze the two-electron reduction of quinones to hydroquinones, thereby preempting one-electron reduction of quinones by other reductases. The latter leads to the formation of detrimental reactive oxygen species. Overall, NQO1 could protect the cornea by directly scavenging free radicals or by allowing the rapid recovery of highly efficient free radical scavengers, such as ascorbate, to their active state. 23, 24 The biological significance of NQO1 is also indicated by the fact that its absence leads to severe neurologic disability due to deficiencies in lipid and steroid metabolism that cause toxic accumulations in microsomal compartments. 25 Consistent with the NQO1 expression differences, our histochemical study of NADPH reductase indicates large differences in total oxiredox activity between corneal and conjunctival epithelia. Aldehyde dehydrogenase type 3A1 has recently been shown to be critical for corneal oxidative protection. 26 Considering that the gene expression level for diaphorase/NQO1 is similar to, and the Co/CNJ ratio is larger than, those for ALDH3A1, a detailed study of the role(s) played by this diaphorase in corneal biology appears to be highly warranted.
In addition to global gene expression analyses, it is also valuable to focus on the significance of individual transcripts ( Table 8 ). The highest-expressing cornea-exclusive gene is testican 1. This large secreted multidomain proteoglycan has been shown to have strong inhibitory activity against cathepsin and activation of matrix metalloproteinases (MMPs). 27, 28 The corneal epithelium expresses multiple MMPs and cathepsins, in particular, cathepsin L/V2, 29 which in itself shows a high corneal preference (Table 4A) . Thus, it is intriguing to consider the possibility of a role for testican-1 in locally protecting the corneal epithelial cell surface membrane against the activity of its own proteolytic agents. The third gene in the cornea-exclusive list is a formin isoform. Formins are a conserved family of actin nucleators responsible for the assembly of diverse actin structures such as cytokinetic rings and filopodia. Formin binding to the barbed end of actin filaments increases filament flexibility and has been documented to cause critical modulation of cell adhesion and cell motility. The exclusive presence of a certain formin isoform in the corneal epithelium is likely to play a weighty role in the phenotypic difference of this tissue with that of its ocular surface counterpart. It will be interesting to assess formin's contribution to the rapid migration in corneal wound healing and response to physical pressure. 30 Another intriguing and unexpected corneal gene is cartilage acidic protein 1 (CRTAC1 ; Table 4A ), a matrix component with high affinity for integrins. It is profusely expressed in cartilage, a mostly avascular tissue, but it is absent in most other organs and tissues examined, including brain, liver, and muscle. 31 Its corneal expression may indicate that its function is somehow related to the avascular environs. Adiponectin, is another cornea-preferred, highly expressed gene. In a fashion similar to CRTAC1, it codes for a protein that until now has been believed to be specific for one cell type, the adipocyte. 32 Adiponectin is a secreted protein with multiple systemic functions including growthpromoting activity in epithelial cells. 33, 34 If indeed, adiponectin is secreted by the corneal epithelium, it may function as part of the proliferation promoter autocrine loop. Other valuable corneal preferred genes to be considered for future investigations are chemokine CXCL14 (BRAK) and Dickkoft 3 (DKK3). CXCL14 plays a central role in monocyte attraction and their in situ conversion to Langerhans cells. 35 Thus, it could be important for the ontogeny of these immunosurveillance cells in the limbus. DKK proteins are involved in the regulation of the WNT-␤-catenin cascade, which, in turn may control developmental cell fate 36 and the expression of connexin43, another highly expressed corneal preferred transcript (Table 4A) . DKK2, which is not expressed in the mature human cornea (Table 9) , has recently been found to be a critical component of corneal epithelial development in mouse. 37 Thus, it is possible that in humans, this role is performed by DKK3.
In the case of the conjunctival epithelium, the presence of substantial levels of infiltrated leukocytes and resident melanocytes implies that for most transcripts, confirmation of a bona fide epithelial origin will require specific spatial techniques such as in situ hybridization and/or immunohistochemistry. In the present study, we performed such a test for sPLA 2 -IIA, a natural antimicrobial protein in tears 38, 39 and a systemic proinflammatory mediator 40 that occupies the top position in the list of conjunctiva-expressed transcripts not expressed in the cornea (Table 3B) . Immunohistology showed that the protein is abundantly expressed in the conjunctival Goblet cells. The stain displays spatial patterns and features suggestive of a secretory process (Fig. 4) . To our knowledge, this is the first report of a nonmucinous secretion by mucin-rich cells anywhere in the body. Thus, the potential role(s) of this sPLA 2 n in Goblet cell biology and secretory activity warrant further study. The more tenuous expression in other differentiated cells is consistent with the identification of high levels of gene and polypeptide expression of sPLA 2 class II, in a human conjunctival epithelial cell line that does not form mature Goblet cells. 41 Other very prominent conjunctival novel genes within the conjunctival lists that deserve future attention include lipocalin 2, an iron sequester protein that is part of tissue innate immunity 42 ; insulin-like growth factor binding protein-3 (IGFBP3), a multifunctional soluble protein that regulates the potent mitogenic and antiapoptotic effects of IGF-I and -II and has been recently shown to have decreased expression in pterygium 43 ; RARRES1, a retinoid receptor; trefoil factor 1, an estrogen-inducible protein; ceruloplasmin (Table 3B) , and the Na-dependent phosphate transporter isoform NaPi-IIb (Table 4B ). In the kidney proximal tubule and intestine, this transporter is localized at apical membranes, where it determines reabsorption or uptake of phosphate toward the circulation. 44, 45 A similar role in the conjunctiva implies vigorous phosphate removal from the tears, which may be important in corneal protection; recent studies have shown that phosphate catalyzes corneal calcification. 46, 47 For some proteins (e.g., IGFBPs 48 ) the two tissues displayed isoform expression differences. These secreted, high-affinity, IGF-binding proteins act as modulators of IGF bioavailability. Differential patterns of spatial and temporal expression in dynamic processes such a development and cellular transformation, indicate subtle differences in function. The corneal epithelium expresses high levels of the isoforms 6 and 7 (Table  4A ). These isoforms are poorly expressed in the conjunctival epithelium which, conversely, shows a selectivity for isoform 3 (Table 4B) .
Finally, in relation to keratins, the fundamental markers of epithelial phenotype, the microarray measurements yielded, as expected, high expression levels of the two cornea-specific keratins K3 and K12 49 (Table 10 ). In addition, consistent with its cornea-specific classification, K3 was absent from the conjunctiva. K12, however, was expressed in this tissue at substantial levels. This result reflects the fact that patches of K12-expressing cells are intercalated within the conjunctival epithelium. As proposed by Kawasaki et al., 50 the simplest interpretation of the patch pattern is the existence of a misdirected cell migration of corneal epithelial precursors from the limbus toward the conjunctiva. However, examination of other genes highly expressed in the cornea does not fit such a model. For instance, K3, testican-1, and ECM-1 transcripts well expressed in the cornea, are not found at all within the conjunctival set (Table 3A ). In addition, the conjunctiva/cornea SI ratios for certain transcripts showing abundant corneal expression (e.g., cathepsin L2/V and NQO1 in Table 4A ) are much lower than those for K12. Thus, none of those genes are substantially expressed within the K12-positive cells in the conjunctival cells. Therefore, the possibility that the cells in the K12-positive patches are not corneal cells but rather K12-expressing conjunctival cells requires attention. Other keratins also provide interesting distribution patterns. The simple epithelial keratin type 18 was moderately expressed by both tissues whereas K4, K13, K15, and K19 expression occurred at very high levels in the conjunctival domain only. These gene expression patterns in humans are generally coincident with reports of keratin protein expression in the ocular surface of rodents. 51 Finally, K19 has been mentioned occasionally as a potential limbal stem cell marker. 52 Given the conjunctival levels observed (Table 4B) , it is unlikely that it plays such a function in the conjunctiva.
In summary, our microarray analysis of the embryologically related, yet phenotypically disparate corneal and conjunctival epithelia, allowed the identification of a large number of novel conjunctiva-and cornea-preferred transcripts for proteins that can have important roles in the ocular epithelial physiology of each of these tissues. Bold, significant expression. GB, GenBank. 
